Dryland crop rotation systems are sustainable only if there is sufficient water available for profitable crop production. The objective of our study was to identify potential crop rotation systems for the central Great Plains and similar semiarid areas that increase soil water, fallow water accumulation, fallow efficiency, and water productivity of major crops. 
B
eneficial dryland crop management practices such as crop rotation, reduced tillage or no-till, and residue management systems conserve, increase the availability of, or maximize efficient use of limited resources such as water for use by crops (Unger et al., 1991; Farahani et al., 1998; Schlegel et al., 2018) . In dryland agriculture, availability of water at critical stages of crop growth is the major limiting factor for sustainable crop production (Peterson et al., 1996; Farahani et al., 1998; Allen, 2012) . Therefore, research evaluating alternative dryland crop rotation systems has been based on the amount of available soil water (ASW) at the rooting depth of target crops, the amount of fallow precipitation accumulated for the next crop, fallow efficiency, and/or crop water productivity (Lafond et al., 1992; Huang et al., 2003; Schlegel et al., 2017; Nielsen and Vigil, 2018) .
Several crop rotation studies are evidences that usually crop productivity and soil water conservation practices are related, i.e., crop management practices that increase soil water increase crop yield (Lafond et al., 1992; Peterson et al., 1996; Nielsen and Vigil, 2018) . Schlegel et al. (2017) reported that soil water, grain yield, biomass, and water productivity were greater for diverse crop rotation systems than continuous cropping. In most cases, though, the effectiveness of dryland cropping systems is evaluated based only on crop yield and profitability, rather than water availability. Yield and profit are often affected by many factors such as in-season precipitation, temperature, total production, and price fluctuations rather than by the cropping system alone (Toliver et al., 2012; Schlegel et al., 2016) . Therefore, a crop rotation system in dryland is more sustainable if supported by gain in soil water rather than solely on crop yield and profit.
Corn, GS, SB, SF, and W constituted more than 90% of the harvested crop area in the US west-central Great Plains region in 2017 (USDA, 2017) . A wheat-warm season crop-fallow (W-SC-F) rotation is among the common rotations in the region (Tarkalson et al., 2006; Hansen et al., 2012; Assefa et al., 2014) . Various 2-to 5-yr cycled dryland crop rotation systems were evaluated in the Great Plains by other researchers (Anderson et al., 1999; Wright and Anderson, 2000; Williams et al., 2012; Schlegel et al., 2017; Nielsen and Vigil, 2018) . Evaluation of the cropping systems in these studies was conducted by comparing yield, yield variability, yield stability (Anderson et al., 1999; Nielsen and Vigil, 2018; Schlegel et al., 2019) , soil quality (Wright and Anderson, 2000) , economic feasibility (Williams et al., 2012) , and rarely with soil water measurements and fallow accumulation (Schlegel et al., 2017) .
Crop rotation studies by default require multiple seasons or years (at minimum a number of years equal to one cycle of the longest rotation in the study) to generate a minimum meaningful data set. However, results based on the minimum of one cycled rotation may lead to faulty or inaccurate conclusions due to possible variations in environment (Nielsen and Vigil, 2014) . Unlike short-term rotation studies, long-term rotation studies provide the durability of a cropping system across many possible environmental conditions. Despite the overwhelming consensus that crop rotation is the best crop management system over continuous cropping, long-term dryland research that supports this evidence with soil water measurements and diverse crop rotation systems is scarce. The objective of our long-term study was to identify potential crop rotation systems in the central Great Plains (eastern Colorado, western Kansas, and western Nebraska) and for similar semiarid areas that increase soil water at planting, fallow water accumulation, fallow efficiency, and, ultimately, water productivity of major crops in the region. (McVay et al., 2006) . The study site is located in a semiarid environment with average annual precipitation of 455 mm (Table 1) . Six crop rotation treatments (W-F, W-GS-F, W-SF-F, W-CR-GS-F, W-CR-SB-F, and W-CR-SF-F) were evaluated for the years 2000 through 2006. Soybean and sunflower were removed from the study after 2006 because of persistent low yields and increased problems from rodent damage. After a transition year in 2007, the next set of crop rotation treatments for years 2008 through 2017 were continuous GS, W-F, W-CR-F, W-GS-F, W-CR-GS-F, and W-GS-CR-F. The rotations common to both time periods were W-F, W-GS-F, and W-CR-GS-F (Fig. 1) . The experimental design was a randomized complete block design with three replications and each phase of each rotation was present each year. The experimental plots were 30 m wide × 135 m long. The outer 6 m on each side of each plot served as border, while the center 18 m was split into three 6 m wide subplots. Data reported are averages of the three subplots. Adapted varieties/hybrids were planted for each crop and varied across years as the details also described in Schlegel et al. (2019) .
MATERIALS AND METHODS
Soil water measurements (0-240 cm depth in 30-cm depth increments) were taken by neutron attenuation (CPN Model 503DR) near planting and harvest. One access tube was placed in each subplot and measurement interval was 15 s. Plant ASW was calculated as field-measured soil water content minus soil water content at -1.5 MPa matric potential (314 mm in 240 cm profile), with all water contents on volumetric basis (Stone et al., 1976; Nielsen and Halvorson, 1991) . Available soil water was converted from water volume per total volume basis to water depth per soil depth increment basis by multiplying the ASW (volumetric basis) by the soil depth increment. The total plant available soil water in the soil profile (0 to 240 cm) was calculated as sum of the available water values measured by 30-cm increments. Crop water use was calculated by water balance method-summing soil water depletion (soil water near planting minus soil water at harvest at 0 to 240 cm soil profile) plus inseason precipitation similar to Nielsen et al. (2015) . Deep percolation, runoff, and capillary rise were not measured and assumed to be negligible because the study area had 0 to 1% slope (Gwin et al., 1974) , deep ground water (30 m), and small amounts of rainfall. Crop water productivity, which is defined as grain yield per water used (Passioura, 2006) , was calculated by dividing grain yield (kg ha -1 ) by crop water use (mm). Fallow accumulation was the gain in soil water from the harvest of previous crop to planting of current crop (Zhang et al., 2016) . Fallow efficiency was calculated as fallow accumulation divided by precipitation during the fallow period (Zhang et al., 2016) . By measuring the fraction of precipitation stored as soil water in a fallow period, fallow efficiency or precipitation storage efficiency indicated relative effectiveness of a system. Analysis of the study was conducted for the periods 2000-2006 and 2008-2017 separately. First, analysis of ASW at planting and harvest of each crop by soil depth was conducted for each rotation in SAS (SAS Institute Inc., Cary, NC) using PROC MIXED procedure. Here, data were sorted and analysis was conducted for each crop in a model statement with response variable ASW against fixed variables rotation and soil depth while block (replication) and year were random variables. Mean separation tests for rotations that showed significant differences at P < 0.05 were conducted using Tukey's Honest Significant Difference (HSD) test.
Second, total ASW for the entire 0-240 cm soil profile at planting and harvest, fallow accumulation, and water use of each crop by rotation for years 2000-2006 or 2008-2017 were calculated. In this case, data were sorted and analysis was conducted by crop with response variables modeled against fixed variable rotation while block (replication) and year were random variables. Mean separation tests for rotations that showed significant differences at P < 0.05 were conducted using HSD test.
Total water use for a cycle of a rotation was calculated by summing water use of crops involved in the rotation. Average water use for a year of rotation was calculated by dividing the total water use of rotation by the number of years necessary to complete one cycle of the rotation. A relationship between total water use of a crop in each rotation and resultant yield was conducted. Comparison of rotations were conducted based on total water use and average water use.
RESULTS AND DISCUSSION

Available Soil Water by Depth 2000-2006
Available soil water at corn planting differed among the three corn-based rotations, mainly at depths below 120 cm (Fig. 2a) . The W-CR-GS-F and W-CR-SB-F rotations had greater ASW at planting compared with W-CR-SF-F for depths below 120 cm, the W-CR-SB-F had greater soil water than W-CR-GS-F and W-CR-SF-F at the 30-60 cm depth, and W-CR-GS-F had greater soil water than W-CR-SB-F and W-CR-SF-F at 60-120 cm at corn planting (Fig. 2a) . There was no significant difference between ASW at corn planting between the W-CR-GS-F and W-CR-SB-F rotations at depths below 120 cm.
Available soil water at grain sorghum planting did significantly differ between the two sorghum-based rotations, mostly at depths less than 150 cm (Fig. 2b) . The W-GS-F rotation had greater ASW at planting compared with W-CR-GS-F with the largest differences occurring at the 30-150 cm depths. Similar to sorghum rotations, available soil water at sunflower planting did significantly differ between the two sunflowerbased rotations with W-SF-F rotation having greater ASW at planting than W-CR-SF-F at all depths (Fig. 2c) .
Available soil water at wheat planting did significantly differ among the six wheat-based rotations (Fig. 2d) . The W-F system had the greatest ASW at depths between 30 and 180 cm. Only the W-GS-F rotation, at depths of 0-30 cm and 180-240 cm, had similar ASW at planting of wheat as the W-F system. The W-GS-F rotation had significantly greater soil water than the other four multi-year wheat based rotation systems. The W-CR-GS-F, W-SF-F, W-CR-SB-F and W-CR-SF-F rotations had similar ASW at planting in most of the profile except at the 120-240 cm depth where the W-CR-SF-F rotation had the lowest ASW.
Available soil water at harvest of corn, grain sorghum, and sunflower followed a similar pattern among rotations, but ASW at harvest was much less than ASW at planting and the differences among rotations were much less (Fig. 3) . Similarly, ASW at wheat harvest was also less than ASW at planting and ASW did not differ among rotations in the upper soil profile (0-90 cm; Fig. 3d ). However, the inclusion of sunflower in the rotation resulted in reduced soil water at deeper depths of the profile at both corn ( Fig. 3a) and wheat ( Fig. 3d) harvest.
Available soil water at plantings of each crop in 2000-2006 study period were summarized into three general categories. First, when a 3-yr W-SC-F rotation compared with 4-yr Yearly  2000  9  1  68  33  6  16  78  31  11  102  15  4  375  2001  39  9  13  9  92  31  87  45  11  3  7  3  349  2002  10  3  2  10  30  26  8  36  33  91  3  2  254  2003  2  19  30  37  85  159  15  27  23  1  6  5  409  2004  2  11  26  104  0  189  108  91  59  20  49  6  666  2005  11  15  18  46  42  114  31  98  9  91  2  6  482  2006  9  0  28  5  41  77  54  40  25  103  4  97  483  2007  20  10  37  84  28  36  13  84  19  4  2  33  369  2008  2  6  19  23  9  31  65  122  21  75  9  8  390  2009  8  12  24  55  25  72  56  68  20  63  24  13 W-SC-SC-F rotation, a summer crop after a summer crop (W-SC-SC-F) in the 4-yr rotation has less soil water than the summer crop after wheat (W-SC-F) in 3-yr rotation. This was the case when we compared W-GS-F with W-C-GS-F and W-SF-F with W-C-SF-F rotations. This was due to the longer fallow period between winter wheat harvest and summer crop planting in the 3-yr rotations compared with the shorter fallow period between summer crop harvest to another summer crop planting in the 4-yr rotations (Schlegel et al., 2017) . Second, between two 4-yr W-SC-SC-F rotations, there was no significant difference in ASW at planting of any of the crops except when sunflower was one of the summer crops involved. When sunflower was among the summer crops in W-SC-SC-F rotation, ASW at planting of both corn and wheat crops in the rotation was lower compared with similar 4-yr rotations with sorghum or soybean instead of sunflower. This was likely related to sunflower being a low residue-producing crop and its root system allowed for extraction of water at a deeper depth and lower limits of plant available water than other crops . Therefore, it reduced the amount of available soil water compared with soybean and sorghum (Stone et al., 2002) . The amount of crop residue from the previous crop affected fallow efficiency and thus ASW at planting. Research that compared three tillage treatments and different positions of mulch, suggested systems with better residue store more soil water (Smika, 1983 (Smika, , 1990 .
Third, the amount of ASW at wheat planting followed a trend of 2-yr W-F > 3-yr W-GS-F > 4-yr W-SC-SC-F. This was mainly due to the longer fallow for wheat in the 2-yr W-F compared to the 3-yr and 4-yr rotations. Also, there was greater water use with two summer crops in the W-SC-SC-F rotation than with only one summer crop (e.g., W-GS-F) in the rotation.
Available Soil Water by Depth 2008-2017
Available soil water at corn planting for the years 2008-2017 was significantly different among the three corn-based rotations (Fig. 4a) . The W-CR-GS-F and W-CR-F rotations had greater ASW at planting compared with W-GS-CR-F for most of the soil profile and only at the 30-60 cm depth did W-CR-F have significantly greater soil water than W-CR-GS-F (Fig. 4a) .
Available soil water at grain sorghum planting differed among the four sorghum-based rotations, mostly at the depths between 30 and 180 cm for the years 2008-2017 (Fig. 4b) . The W-GS-CR-F and W-GS-F rotations had greater ASW at planting of sorghum compared with W-CR-GS-F and GS-GS rotations at depths between 30 and 180 cm. At 90-180 cm depth, there was greater ASW for W-GS-CR-F than W-GS-F rotations at planting of sorghum. There was no significant difference in ASW between W-CR-GS-F and GS-GS rotations except at the 210-240 cm depth where ASW in GS-GS was greater.
Available soil water at wheat planting was greater in the W-F rotation compared with the other four wheat-based rotations at depths to 210 cm (Fig. 4c) . The ASW in W-CR-F, W-GS-CR-F, W-GS-CR-F, and W-GS-F rotations was different in parts of the soil profile in a pattern that can be summarized as W-GS-CR-F = W-CR-GS-F > W-CR-F = W-GS-F, but ASW at planting of wheat from these four rotations remain similar in most of the soil profiles.
Available soil water at harvest of corn, grain sorghum, and wheat was much less than ASW at planting and differences among rotations were much less (Fig. 4d,e,f) . Available soil water at corn harvest at depths below 120 cm was less in W-GS-CR-F than W-CR-F and W-CR-GS-F (Fig. 4d) .
Similar to the 2000-2006 study period, results in the 2008-2017 study period showed that ASW at planting of a summer crop (sorghum or corn) was greater after wheat than after a summer crop. That was the case when ASW at planting of corn was compared between W-CR-GS-F or W-CR-F with W-GS-CR-F and also when ASW at planting of sorghum was compared between W-GS-CR-F or W-GS-F with W-CR-GS-F or GS-GS rotations. The further implication of this result is that it is not the number of years of rotation (3-yr vs. 4-yr), but the previous crop or the length of the fallow period between the two crops that affect the ASW at planting of a crop.
Profile Soil Water and Fallow Accumulation
Fallow is defined as time period between crop harvest and following crop planting. For the 2000-2006 period, profile ASW at corn planting and harvest was greater for W-CR-SB-F and W-CR-GS-F compared with W-CR-SF-F (Table 2 ). There was no difference in fallow (between wheat harvest and corn planting) accumulation of ASW among corn-based rotations. Similarly, for three corn-based rotations from 2008-2017, profile ASW at corn planting was greater for W-CR-F and W-CR-GS-F than with W-GS-CR-F (Table 3 ). There was no significant difference among rotations in profile ASW at harvest in 2008-2017. However, there was a greater fallow water accumulation in the W-CR-F and W-CR-GS-F rotations compared with W-GS-CR-F rotation. There was no significant difference in fallow accumulation between the W-CR-F and W-CR-GS-F rotations.
For grain sorghum-based rotations in the 2000-2006 period, profile ASW at sorghum planting and fallow accumulation prior to sorghum planting were greater for W-GS-F compared with W-CR-GS-F (Table 1) . There was no significant difference between the two rotations in profile ASW at sorghum harvest. Among the four sorghum-based rotations in 2008-2017, profile ASW at grain sorghum planting was greater for W-GS-CR-F and W-GS-F than with GS-GS and W-CR-GS-F rotations (Table 3) . Fallow soil water accumulation prior to sorghum planting was in the order W-GS-CR-F > W-GS-F = GS-GS > W-CR-GS-F. There was no significant difference between the four sorghum based rotations in profile ASW at harvest.
For winter wheat-based rotations in the 2000-2006 period, profile ASW at wheat planting was greater for W-F followed by W-GS-F (Table 2 ). There was no significant difference (Table 3 ). There was greater profile ASW in the W-GS-CR-F rotation than the W-F rotation at wheat harvest. Fallow accumulation was greatest in W-F rotation.
Greater fallow soil water accumulation causes differences in soil water at planting between crop rotation systems (Gan et al., 2015) . Fallow accumulation is a function of length of the period, amount and intensity of precipitation in the fallow, and, type, orientation, and amount of crop residue. Our results indicate that fallow accumulation was the primary driver for soil water at planting and those crop rotations with greater soil water at planting had greater fallow accumulation.
Water Use
Water use of corn from 2000-2006 did not differ by rotation (Table 2 ). For t corn-based rotations from 2008-2017, corn water use was greater for W-CR-F and W-CR-GS-F compared with W-GS-CR-F (Table 3) . For two grain sorghum-based rotations from 2000-2006, water use of sorghum was greater for W-GS-F compared with W-CR-GS-F (Table 1) . Among the four sorghum-based rotations in 2008-2017, water use of grain sorghum was in the order W-GS-CR-F ≥ W-GS-F ≥ GS-GS ≥ W-CR-GS-F rotations (Table 3) .
Winter wheat water use, in the 2000-2006 period, was greater for W-F followed by W-GS-F then the remaining four rotations (Table 1 ). There was no significant difference in wheat water use between the W-CR-SB-F, W-CR-SF-F, W-SF-F, and W-CR-GS-F rotations. Among the five wheat-based rotations in 2008-2017, water use was greater for W-F compared with all other rotations (Table 3 ). There was no significant water use difference between the other four wheat-based rotations in 2008-2017. The total crop water use per cycle of rotation was greater for the 4-yr rotations (W-CR-GS-F, W-CR-SB-F, W-CR-SF-F) followed by the 3-yr rotations (W-GS-F, W-SF-F) and lowest for W-F from [2000] [2001] [2002] [2003] [2004] [2005] [2006] (Fig. 5a ). Water use per year was much more similar among rotations compared with total water use per cycle, however, the average was still greater for the 4-yr rotations compared with the 2-yr rotation. Similarly, the total water use per cycle of rotation was greater for the 4-yr rotations (W-CR-GS-F and W-GS-CR-F) followed by the 3-yr rotations (W-CR-F, W-GS-F) and lowest for W-F and (Fig. 5b) . Water use per year was closer among rotations compared with total water use per cycle of rotation and the per year water use was greater for the 1-yr continuous sorghum rotation (GS-GS) compared with the 4-, 3-and 2-yr rotations that included fallow.
GS-GS in the 2008-2017 period
Since growing season precipitation is the same for a crop in each given year (Table 1) , the difference in crop water use of a crop in different rotations is primarily due to differences in soil water at planting as ASW at harvest was generally similar for a crop across rotations. Rotations that had greater ASW at planting had greater water use compared with those rotations with less ASW at planting. For example, at corn planting the W-CR-F and W-CR-GS-F had greater ASW (Table 3) and greater water use than the W-GS-CR-F rotation. Based on previous research reports, greater water use is a precursor for better productivity. Shanahan et al. (1988) reported that their two rotations, W-Millet (M) and F-M, had 7 to 16% more water use than the M-M rotation, respectively, which resulted in 50 to 116% more grain yield for the two rotations with greater water use compared with M-M.
Fallow Efficiency and Crop Water Productivity
Fallow efficiency, the percentage of precipitation stored as soil water during the fallow or fallow period, from 2000-2006 prior to corn, sorghum, and sunflower planting did not significantly differ by rotation (Table 4 ). In the fallow period preceding wheat planting, fallow efficiency was greatest for the W-F and W-GS-F rotations and lowest for W-CR-SF-F rotation among wheat-based rotations. Averaged over rotations, the W-F and W-GS-F rotations had greater fallow efficiency for the 2000-2006 period. It was surprising that W-F with the longest fallow period had higher fallow efficiency than wheat grown in all other rotations with shorter fallow periods since shorter fallow periods often increase fallow efficiency (Peterson et al., 1996) .
Fallow efficiency from 2008-2017 prior to corn planting was greater when corn followed sorghum (W-GS-CR-F) compared with corn following wheat (W-CR-GS-F). Fallow efficiency prior to grain sorghum planting was greater when grain sorghum followed grain sorghum (GS-GS) compared with W-CR-GS-F or W-GS-F rotations (Table 3) . Fallow efficiency was greatest for the W-F rotation and lowest for W-CR-F among wheat-based rotations for the 2008-2017 period. Overall, fallow efficiency was in the order W-F > GS-GS > W-GS-CR-F > W-CR-GS-F > W-GS-F > W-CR-F for the 2008-2017 period.
The study site was in a summer rainfall region with greatest normal precipitation from May through August (>55 mm per month) and least precipitation from November through February (<15 mm per month), which might relate to fallow efficiency and accumulation of different rotation evaluated. In general, fallow efficiencies reported here, for most of the rotations, are lower than many reports in the literature. Fallow efficiencies (soil water storage efficiency of the fallow period) of 35 and 45% were reported for the W-GS-F rotation with conventional tillage and no-till treatments, respectively (Smika and Wicks, 1968) . Average fallow efficiency (precipitation storage efficiency, as defined by for the W-F in Great Plains ranged from 10-50%. Fallow efficiency for Table 2 . Average available soil water at planting and harvest, fallow accumulation, and water use of corn, sorghum, sunflower, soybean, and winter wheat in W-F †, W-GS-F, W-SF-F, W-CR-SB-F, W-CR-SF-F, and W-CR-GS-F rotations grown near Tribune, KS, from [2000] [2001] [2002] [2003] [2004] [2005] [2006] 22 † W-F, wheat-fallow; W-GS-F, wheat-sorghum-fallow; W-SF-F, wheat-sunflower-fallow; W-CR-SB-F, wheat-corn-soybean-fallow; W-CR-SF-F, wheat-corn sunflower-fallow; W-CR-GS-F, wheat-corn-sorghum-fallow.
‡ Mean values within crop columns followed by the same letter are not significantly different (P < 0.05). § HSD is minimum difference between two treatments used to declare they are significantly different using Tukey's Honest Significant Difference Test at P < 0.05.
a rotation varies with management, weather, time of measurement, residue cover and other unknown factors (Farahani et al., 1998; . Rotations did not always rank the same for fallow accumulation and fallow efficiency, i.e., those rotations that accumulated more than others were not always as efficient. For example, even though W-GS-CR-F had less fallow accumulation compared with W-CR-GS-F prior to corn planting, given the shorter time (and less precipitation) between grain sorghum harvest and corn planting in W-GS-CR-F compared with the time between wheat harvest and corn planting in W-CR-GS-F, the efficiency of W-GS-CR-F was greater. Ideally, the goal would Table 3 . Average available soil water at planting and harvest, fallow accumulation, and water use of corn, sorghum, and winter wheat in W-F †, GS-GS, W-CR-F, W-GS-F, W-GS-CR-F, and W-CR-GS-F grown near Tribune, KS, from 2008-2017.
Rotation
Available soil water At planting At harvest 41b  75a  81b  330b  345a  362b  HSD §  10  11  15  13  15 19 † W-F, wheat-fallow; GS-GS, continuous grain sorghum; W-CR-F, wheat-corn-fallow; W-GS-F, wheat-sorghum-fallow; W-CR-GS-F, wheatcorn-sorghum-fallow; W-GS-CR-F, wheat-sorghum-corn-fallow.
be to accumulate as much ASW as possible during the fallow period and do so as efficiently as possible although often these are not compatible goals. Cropping decisions when one rotation has better fallow accumulation, but is less efficient or vice versa, may require looking at other measures such as crop water productivity. Average crop water productivity was greater for W-GS-F than all other rotations except W-F in [2000] [2001] [2002] [2003] [2004] [2005] [2006] . In contrast from 2008-2017, W-F had the lowest average crop water productivity and again W-GS-F had the greatest amount (Table 3 ). In 2000-2006, there was no significant difference in corn or sunflower water productivity. Sorghum water productivity was greater for W-GS-F compared with the W-CR-GS-F rotation and winter wheat water productivity was greatest for W-F and W-GS-F rotations for the 2000 -2006 period. From 2008 -2017 , water productivity for wheat was least with W-F among wheat-based rotations. Corn water productivity was greater for W-CR-F and W-CR-GS-F rotations compared with the W-GS-CR-F rotation, and grain sorghum water productivity was greater for W-GS-F and W-GS-CR-F than the GS-GS or W-CR-GS-F rotations.
Water productivity is a function of yield and water used. Therefore, in rotation systems where grain yield is greatest and water used was least, water productivity is the greatest. For example, yield of both winter wheat and sorghum were greater in W-GS-F (Schlegel et al., 2019) but total water use of the W-GS-F rotation was moderate (Fig. 5) hence its greater water productivity as a system in both the 2000-2006 and 2008-2017 .
CONCLUSION
Crop residue produced and left on the soil surface from previous crops, water used, and depletion depth are among major factors that affect water accumulation during fallow. Also affecting fallow accumulation were precipitation in the fallow season, length of fallow, and other weather conditions (e.g., temperature). Fallow accumulation affects available soil water at planting. Available soil water at planting affected water use, along with in-season precipitation, crop type, crop management, and weather conditions during the growing season. Water use determines crop productivity. In dryland conditions in the US west-central Great Plains, a winter crop-summer crop-fallow or winter crop-fallow system provides more time between crops to accumulate ASW compared with more intense winter cropsummer crop-summer crop-fallow systems. Between two 4-yr winter crop-summer crop-summer crop-fallow systems; the summer crop with greater yield potential should come after the winter crop to better ensure greater access to ASW. In this study, greatest crop water productivity was obtained with a W-GS-F rotation and would be the preferred rotation for the region. Wheat Rotation -----------% --------------------kg ha -1 mm -1 --------- Wheat Rotation -----------% --------------------kg ha -1 mm -1 ---------GS-GS -20. 2.0 † W-F, wheat-fallow; GS-GS, continuous grain sorghum; W-CR-F, wheat-corn-fallow; W-GS-F, wheat-sorghum-fallow; W-SF-F, wheat-sunflower-fallow; W-CR-SB-F, wheat-corn-soybean-fallow; W-CR-SF-F, wheat-corn sunflower-fallow; W-CR-GS-F, wheat-corn-sorghum-fallow; W-GS-CR-F, wheat-sorghum-corn-fallow.
